Peroxynitrite-mediated DNA strand breakage activates poly-adenosine diphosphate ribosyl synthetase and causes cellular energy depletion in macrophages stimulated with bacterial lipopolysaccharide.
The inducible isoform of nitric oxide (NO) synthase produces large quantities of NO, a cytotoxic free radical. Recent studies show that treatment with exogenous NO produces DNA strand breaks, activating the nuclear repair enzyme poly(ADP)ribosyltransferase (PARS), which results in ADP ribosylation, NAD+ consumption, and exhaustion of intracellular energy stores. Here we have characterized the cytotoxic effect of endogenous NO and peroxynitrite, a reactive oxidant formed from NO and superoxide. Immunostimulation of J774.2 macrophages with endotoxin resulted in the generation of superoxide (within 1 h) and NO (after 8 h). NO production paralleled an increase in peroxynitrite formation and DNA strand breakage, and a decrease in intracellular NAD+ content and mitochondrial respiration. Inhibition of NO synthase by NG-methyl-L-arginine or S-methyl-isothiourea or inhibition of PARS activity by 3-aminobenzamide or nicotinamide prevented the decrease in mitochondrial respiration and the depletion of NAD+. A similar pattern of free radical formation and cytotoxicity was observed in peritoneal macrophages from endotoxemic rats (formation of NO, superoxide, peroxynitrite, and DNA strand breaks). In vivo treatment with 3-aminobenzamide preserved mitochondrial respiration, NAD+, and ATP. Our data suggest that inflammatory cell injury involved DNA strand breakage and PARS, triggering an energy-consuming, futile repair cycle leading to cellular energy depletion. The active species responsible for the development of DNA strand breaks is peroxynitrite, rather than NO, since exogenous peroxynitrite, but not NO, induces DNA strand breaks. Inhibition of PARS may improve cellular energy homeostasis in patho-physiologic conditions associated with peroxynitrite generation.